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TopolinsBarleria argillicola Oberm. is a critically endangered species, endemic to a small area in the KwaZulu-Natal
Province, South Africa. Animals are known to forage on this plant species, suggesting its therapeutic or nutraceu-
tical potential. This study investigated the antibacterial, acetylcholinesterase inhibition, antioxidant and phyto-
chemical properties of this species with a view to exploring its medicinal potential. The possibility of in vitro
propagation as a conservation strategy was also examined. Dichloromethane extract showed a good antibacterial
activity (withminimum inhibitory concentration less than 1 mg/ml) against all the testedmicro-organisms.Meth-
anol extract exhibited a stronger antibacterial activity against the Gram-negative bacteria Escherichia coli and
Pseudomonas aeruginosa than the Gram-positive bacterium Staphylococcus aureus. Extracts obtained from the
aerial parts and roots demonstrated a dose-dependent acetylcholinesterase inhibition and antioxidant activities.
Higher iridoid, ﬂavonoid and condensed tannin contents were recorded in the aerial parts compared to the
roots although the total phenolic content was higher in the roots. The highest in vitro shoot proliferation of
4.60±0.51 and 4.0±0.47 shoots per explant was achieved using shoot-tip and single nodal explants respectively,
after four weeks of culture in Murashige and Skoog medium supplemented with 5 μM benzyladenine riboside
(BAR). Further supplementation of the medium with naphthalene acetic acid (NAA) or indole butyric acid (IBA)
concentrations did not signiﬁcantly increase shoot proliferation.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The genus Barleria (Family: Acanthaceae) includes more than 300
species of herbs and shrubs. Besides their use as ornamentals, many
Barleria species are used in folk medicine. Extracts and isolated com-
pounds obtained from different species in this genus have been
reported to exhibit biological properties such as antioxidant, acetyl-
cholinesterase inhibition, anti-inﬂammatory, analgesic, antileukemic,
antitumor, antihyperglycemic, anti-amoebic and antimicrobial activi-
ties (Amoo et al., 2009, 2011a; Ata et al., 2009; Chen et al., 1998;
Kosmulalage et al., 2007; Suba et al., 2004; Wanikiat et al., 2008).
According to Balkwill and Balkwill (1998), the largest representation
of Barleria species is in Africa where there are two centres of diversity;
one in tropical east Africa (about 80 species) and the other in southern
Africa (about 70 species). The authors further observed thatmost species
in this genus have a high degree of regional endemism. Southern Africa,
for example is said to have a 65% endemism (Balkwill and Balkwill,
1998). Out of the endemic Barleria species listed in the Red Data List of
Southern Africa (Hilton-Taylor, 1996) and National Red List of South
African Plants (Raimondo et al., 2009), Barleria natalensis is already
extinct, Barleria argillicola and Barleria greenii are listed as critically
endangered while Barleria dolomiticola is ranked as vulnerable. Wochok27 33 2605897.
by Elsevier B.V. All rights reserved(1981) estimated that the extinction of a plant species may lead to the
disappearance of ten to thirty other species of insects, animals or even
plants that depend directly or indirectly on it. The loss of plant species
due to extinction could result in the loss of new drugs, new drug leads
and new chemical entities with pharmacological or nutraceutical poten-
tial (Balunas and Kinghorn, 2005) as well as the loss of genes which
could be exploited for plant improvement or in the biosynthesis of new
compounds (Rates, 2001). It is therefore imperative that efforts be geared
towards the conservation and exploration of such rare or threatened
plant species for their medicinal and/or ornamental potentials before
they are extinct. The use of a battery of tests has been recommended
when investigating the therapeutic potential of plant extracts so as to
get a complete bioactivity spectrum (Houghton et al., 2007).
B. argillicola Oberm. is a dwarf species, endemic to a small area be-
tween Weenen and Estcourt in the KwaZulu-Natal Province, South
Africa (Raimondo et al., 2009). The production of very few ﬂowers
coupled with its short ﬂowering period negatively affects its pollination
(Makholela, 2005). In addition to insects eating the ﬂowers, animals
are said to forage on B. argillicola plants (Makholela, 2005), suggesting
its nutraceutical and/or therapeutic potential. This plant species is said
to be facing an extremely high risk of extinction in the immediate
future (Makholela, 2005). The current study was aimed at exploring
the medicinal potential of this South African Barleria species. The
antibacterial, acetylcholinesterase inhibition and antioxidant activities
as well as the phytochemical properties of extracts from different.
Table 1
Antibacterial activity of extracts obtained from different parts of Barleria argillicola.
Plant part Extract Yield (% w/w) Minimum inhibitory
concentration (mg/ml)
S.a E.c P.a
Aerial parts PE 0.4 1.25 1.25 1.25
DCM 0.45 0.3125 0.625 0.625
MeOH 21.9 1.25 0.625 0.625
Roots PE 0.18 1.25 1.25 NT
DCM 0.45 0.3125 0.625 0.625
MeOH 24.4 1.25 0.625 0.625
Neomycin (μg/ml) 0.78 1.56 12.5
Boldly-written values are considered good activity (b1 mg/ml).
S.a=Staphylococcus aureus; E.c=Escherichia coli; P.a=Pseudomonas aeruginosa.
PE=petroleum ether; DCM=dichloromethane; MeOH=methanol.
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conservation strategy was also investigated.
2. Materials and methods
2.1. Plant material and extraction
Plant materials were collected from Estcourt in KwaZulu-Natal Prov-
ince, South Africa. A voucher specimen (S. Amoo 27 NU) was prepared
and deposited in the University of KwaZulu-Natal Herbarium, Pietermar-
itzburg. The aerial parts and the rootswere separated before oven-drying
at 50 °C. Plantmaterials were ground into ﬁne powders and sequentially
extracted with 20 ml/g of petroleum ether (PE), dichloromethane
(DCM) and methanol (MeOH) using a sonication bath containing ice-
cold water for 1 h each. These extracts were used in the antibacterial
and acetylcholinesterase inhibition assays. In the antioxidant assays,
extracts obtained from dried, ground materials extracted with 20 ml/g
of 50% methanol using a sonication bath containing ice-cold water for
20 min were used. Extracts were ﬁltered through Whatman No. 1 ﬁlter
paper, concentrated in vacuo at 40 °C using a rotary evaporator and
dried under a fan at room temperature.
2.2. Antibacterial activity
The micro-dilution bioassay (Eloff, 1998) as previously described by
Amoo et al. (2009) was used to determine the minimum inhibitory
concentration (MIC) of extracts against three bacteria: Staphylococcus
aureus (ATCC 12600), Escherichia coli (ATCC 11775) and Pseudomonas
aeruginosa (ATCC 10145). Neomycin was used as a positive control
while ethanol solvent, distilled water and Mueller–Hinton (MH) broth
served as negative controls. The assay was repeated twice with three
replicates each.
2.3. Acetylcholinesterase inhibition
Acetylcholinesterase inhibition property of the plant extracts was
determined using the colorimetric method described by Ellman et al.
(1961) as outlined by Eldeen et al. (2005). Each sample was tested in
triplicate. Galanthamine was used as a positive control. The percentage
inhibition by the plant extracts was calculated by comparing the sample
rate of reaction to that of the blank (distilled water) using the expres-
sion:
Inhibition %ð Þ ¼ 1– Samplereactionrate
Blankreactionrate
 
 100:Table 2
Acetylcholinesterase-inhibitory property of extracts obtained from different parts of
Barleria argillicola.
Extract Plant part Acetylcholinesterase inhibition (%)
500 μg/ml 250 μg/ml 125 μg/ml
PE Aerial parts 13.6±0.56⁎⁎⁎ 0.0±0.00⁎⁎⁎ 0.0±0.00⁎⁎⁎
Roots 43.7±2.23 37.5±4.03 16.3±1.86
DCM Aerial parts 7.8±3.45⁎⁎ 0.0±0.00⁎⁎⁎ 0.0±0.00⁎⁎⁎
Roots 37.4±5.46 39.0±4.33 25.0±1.49
MeOH Aerial parts 45.2±3.33ns 22.2±2.13ns 19.0±6.06ns
Roots 39.3±6.85 31.3±2.75 22.5±0.57
ns=not signiﬁcant.
Acetylcholinesterase inhibition (%) by galanthamine (positive control) was 84.1±1.45,
73.8±2.32 and 70.2±0.28 at 20, 10 and 5 μM, respectively.
PE=petroleum ether; DCM=dichloromethane; MeOH=methanol.
⁎⁎ P≤0.01.
⁎⁎⁎ P≤0.001.2.4. Antioxidant activities
2.4.1. β-Carotene–linoleic acid model system
The colorimetric method described by Amarowicz et al. (2004) was
followed with slight modiﬁcations as previously outlined (Amoo et al.,
2012). Butylated hydroxytoluene (BHT) and 50% methanol were used
as positive and negative controls, respectively. Each sample was tested
in triplicate.
2.4.2. DPPH (1,1-Diphenyl-2-picrylhydrazyl) radical-scavenging activity
The free-radical scavenging activity of the extracts was determined
using the colorimetric method described by Karioti et al. (2004) with
modiﬁcations as outlined by Fawole et al. (2010). Ascorbic acid and
BHT were used as positive controls while methanol served as the nega-
tive control. Each sample was evaluated in triplicate.2.5. Determination of total phenolic, iridoid, ﬂavonoid and condensed
tannin contents
Following the extraction of plant materials as described by Makkar
(2000) with slight modiﬁcation (Amoo et al., 2011a), the total iridoid
content of the aerial parts and the roots were quantiﬁed using the color-
imetric method described by Levieille and Wilson (2002). HPLC-grade
harpagoside (Extrasynthèse, France) was used as a standard for plotting
the calibration curve. Each sample was quantiﬁed in triplicate. The total
iridoid content was expressed in mg harpagoside equivalents (HE) per
gram dry weight (DW).
Total phenolic content was quantiﬁed using a colorimetric method
described by Makkar (2000) with modiﬁcations (Fawole et al., 2009).
Gallic acid (Sigma-Aldrich, USA) was used to plot the calibration curve.
Each determination was done in triplicate. Total phenolic content was
expressed in mg gallic acid equivalents (GAE) per gram DW.
The determination of the ﬂavonoid content was done using the
aluminium-chloride colorimetric method as described by Zhishen et al.
(1999). The calibration curvewas plotted using catechin (Sigma-Aldrich,
USA) as a standard. Each sample was quantiﬁed in triplicate. Flavonoid
content was expressed in mg catechin equivalents (CE) per gram DW.
Condensed tannin (Proanthocyanidins) content in each sample was
quantiﬁed using the butanol–HCl method (Makkar, 2000) with modiﬁ-
cations as outlined by Fawole et al. (2009). Each sample was determined
in triplicate. Condensed tannins (% in dry matter) as leucocyanidin
equivalents were calculated using the formula described by Porter et al.
(1985):
Proanthocyanidins %drymatterð Þ ¼ A550nm 78:26 Dilutionfactor
%drymatter
 
 100
where A550nm is the absorbance of the sample at 550 nm.
Table 3
Antioxidant (based on β-carotene-linoleic acid model system) and free radical scavenging activities of extracts from different parts of Barleria argillicola.
Sample Antioxidant activity (%) Radical scavenging activity (%)
400 μg/ml 200 μg/ml 100 μg/ml 50 μg/ml 100 μg/ml 50 μg/ml 25 μg/ml 12.5 μg/ml
Aerial parts 45.6±5.84⁎⁎ 48.3±4.58ns 35.3±2.26⁎⁎ 4.2±2.42ns 47.2±1.87⁎ 28.4±1.86⁎ 16.7±2.05⁎⁎ 12.9±1.07⁎
Roots 74.9±2.56 63.5±3.72 49.1±0.82 19.5±5.77 72.6±6.75 39.6±2.84 26.6±1.12 22.8±2.53
BHT 85.5±0.35 92.3±7.57 83.5±3.28 79.1±0.68 96.8±0.47 96.5±0.11 93.9±0.88 80.7±1.06
Ascorbic acid 99.8±0.68 94.1±3.91 98.7±0.21 98.3±0.03
ns=not signiﬁcant.
BHT=butylated hydroxytoluene.
⁎ P≤0.05.
⁎⁎ P≤0.01.
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Shoot-tips obtained from stock plants potted in a greenhouse in
the University of KwaZulu-Natal Botanical Gardens were surface-
decontaminated using 70% ethanol for 60 s followed by a 3.5% sodi-
um hypochlorite solution containing a few drops of Tween 20 for
15 min. For the purpose of bulking up sufﬁcient material, the
surface-decontaminated shoot-tip explants were inoculated on
Murashige and Skoog (MS) medium (Murashige and Skoog, 1962)
supplemented with 30 g l−1 sucrose, 0.1 g l−1 myo-inositol and
3.0 μM 6-benzyladenine (BA). The medium pH was adjusted to 5.8
before adding 8 g l−1 agar (Bacteriological agar – Oxoid Ltd.,
Basingstoke, Hampshire, England) and subsequent autoclaving at
121 °C and 103 kPa for 20 min. Cultures were incubated in a growth
room with 16 h light/8 h dark conditions at 25±2 °C.
The effects of different types and concentrations of cytokinins on in
vitro shoot proliferation were evaluated using six cytokinins, each at
four concentrations (3.0, 5.0, 7.0 and 10.0 μM). The cytokinins used
were BA, benzyladenine riboside (BAR), meta-topolin (mT), meta-
topolin riboside (mTR), meta-methoxytopolin tetrahydropyran-2-yl
(MemTTHP) and meta-methoxytopolin riboside (MemTR). The medi-
um without any plant growth regulator was used as a control. Shoot-
tip and single nodal explants obtained from bulked-up materials were
used in this experiment. Each treatment had 15 replicates per explant
and the experiment was repeated twice. After four weeks of culture
under the conditions described above, the total number of shoots
produced per explant, number of shootswith length 5–10 mm, number
of shoots with length greater than 10 mm, frequency of shoot regener-
ation and the abnormality indexwere recorded. Abnormality indexwas
calculated as the ratio of abnormal shoots (hyperhydric and/or necrotic
shoots) to the normal shoots produced (Bairu et al., 2008).
Based on the results obtained from experiment investigating the
effects of different cytokinins on shoot proliferation, another experiment
was conducted to determine the role of further supplementation with
different auxin types and concentrations on shoot proliferation. Concen-
trations of 0.5, 1.0, 2.0 and 3.0 μM α-naphthalene acetic acid (NAA) or
indole butyric acid (IBA) were combined individually with 5.0 μM BAR.
A medium containing only 5.0 μM BAR with no auxin was used as a
control. Both shoot-tip and nodal explants were used. Each treatment
had 25 replicates per explant. After three weeks of culture, the growth
parameters mentioned above were recorded.Table 4
Phytochemical content of different parts of Barleria argillicola.
Plant
part
Iridoid (mg
HE/g DW)
Total phenolics
(mg GAE/g DW)
Flavonoids
(mg CE/g DW)
Condensed
tannins (% in
DM)
Aerial parts 9.45±0.648 ns 4.56±0.071⁎ 4.28±0.139⁎⁎ 0.51±0.039⁎⁎⁎
Roots 8.79±0.229 5.45±0.209 3.18±0.091 0.04±0.006
ns=not signiﬁcant.
⁎ P≤0.05.
⁎⁎ P≤0.01.
⁎⁎⁎ P≤0.001.Regenerated shoots obtained from medium containing 5.0 μM
BAR were individually cultured on half-strength agar-solidiﬁed MS
medium supplemented with 1.0, 2.5, 5.0, 10.0 and 15.0 μM of either
NAA or IAA for rooting. The use of liquid culture medium was also
tested by culturing individual shoots in half-strength MS medium
supplemented with 0, 1, 5 or 10 μM IBA placed on a ﬂask shaker
(IKA KS500 Control shaker, Germany). Cultures were incubated
under the conditions described above.2.7. Data analysis
Data were subjected to either t-test (using SigmaPlot Version 8.0)
or one-way analysis of variance (ANOVA) as appropriate. Where
there were signiﬁcant differences (P=0.05) following ANOVA, the
mean values were further separated using Duncan's Multiple Range
Test (DMRT). The ANOVA and DMRT were done using SPSS (version
10.0) software. Regression analysis was done using GraphPad Prism
(version 4.03) software.3. Results and discussion
3.1. Antibacterial activity
The antibacterial activity of the different extracts obtained from the
aerial parts and roots of B. argillicola is presented in Table 1. The mini-
mum inhibitory concentrations (MICs) recorded in extracts of the aerial
parts was the same for the root extracts. Dichloromethane extract
exhibited a good antibacterial activity against all the tested micro-
organismswith theMIC less than 1 mg/ml.Methanol extract demonstrat-
ed a stronger antibacterial activity against the tested Gram-negative
bacteria (E. coli and P. aeruginosa) than the Gram-positive bacterium
S. aureus. The noteworthy activity recorded in the polar extracts
indicates the presence of active polar antibacterial compound(s) in
this plant species. Furthermore, the observed antibacterial activity by
extracts of B. argillicola against the pathogenic gastrointestinal micro-
organisms used in this study suggests the therapeutic potential of this
plant species when foraged by animals.3.2. Acetylcholinesterase (AChE) inhibition
Table 2 shows the AChE inhibition activity observed in the PE,
DCM and MeOH extracts of the aerial parts and roots of B. argillicola.
All the extracts exhibited a dose-dependent inhibition. At each
concentration of the PE and DCM extracts, the roots showed a signif-
icantly higher inhibition when compared to the aerial parts. The AChE
inhibition demonstrated by the MeOH extract of the root was however,
not signiﬁcantly different from that of the aerial parts. The observed
AChE inhibition by the different extracts albeit moderate (at 500 μg/ml
concentration), suggests the presence of AChE inhibitors in this plant
species.
Table 5
Effects of types and concentrations of cytokinins on shoot proliferation of endangered Barleria argillicola after four weeks of culture.
Cytokinin
type and
concentration
(μM)
Shoot-tip explant Nodal explant
Mean no. of
shoots/explant
No. of shoots with length Shoot
response
(%)
Abnormality
index
(×10−1)
Mean no. of
shoots/explant
No. of shoots with length Shoot
response
(%)
Abnormality
index
(×10−1)
5–10 mm >10 mm 5–10 mm >10 mm
Control 0.87±0.09j 0.20±0.11i 0.67±0.13de 86.7 0 0.71±0.22i 0.43±0.14de 0.29±0.16j 57.1 0
BA (3) 3.20±0.55bcde 1.67±0.39abcd 1.53±0.31abcd 100 1.04 2.07±0.30cdefgh 1.27±0.33abcd 0.80±0.26efghij 86.7 0.64
BA (5) 2.33±0.49cdefgh 1.33±0.35bcdefgh 1.00±0.29bcde 86.7 0.29 3.27±0.38abc 1.33±0.30abcd 1.93±0.28abcd 100 1.22
BA (7) 2.47±0.36bcdefg 1.13±0.34cdefghi 1.33±0.27abcde 93.3 1.62 3.13±0.55abcd 1.60±0.40abc 1.53±0.46bcdefg 80 0
BA (10) 3.47±0.52abcd 2.13±0.48ab 1.33±0.33abcde 100 1.73 2.67±0.43bcdef 1.93±0.37a 0.73±0.21fghij 80 1.25
BAR (3) 2.27±0.46cdefgh 1.13±0.29cdefghi 1.13±0.27bcde 100 0 1.73±0.42efghi 1.13±0.35abcde 0.60±0.32ghij 73.3 0.77
BAR (5) 4.60±0.51a 2.33±0.48a 2.27±0.38a 100 0.43 4.00±0.47a 1.64±0.40ab 2.36±0.39ab 100 0.71
BAR (7) 2.40±0.41cdefg 0.93±0.21defghi 1.47±0.31abcde 86.7 1.67 3.73±0.64ab 1.00±0.31bcde 2.73±0.52a 86.7 0.18
BAR (10) 3.73±0.68ab 1.93±0.45abc 1.80±0.43abc 100 1.25 1.87±0.39efghi 1.20±0.31abcde 0.67±0.19fghij 80 2.5
mT (3) 3.00±0.70bcde 1.20±0.42bcdefghi 1.80±0.47abc 100 0.67 2.13±0.29cdefgh 0.60±0.16de 1.53±0.38bcdefg 100 0.94
mT (5) 2.47±0.46bcdefg 0.80±0.33defghi 1.67±0.39abcd 93.3 0.54 2.00±0.38defgh 0.67±0.21cde 1.33±0.30cdefghi 80 0.67
mT (7) 2.93±0.41bcdef 1.53±0.35abcdef 1.40±0.35abcde 100 0.23 2.93±0.40abcde 1.29±0.41abcd 1.64±0.27bcdef 92.9 1.95
mT (10) 2.47±0.34bcdefg 1.60±0.32abcde 0.87±0.22cde 93.3 1.62 1.87±0.22efghi 1.20±0.22abcde 0.67±0.21fghij 93.3 0.71
mTR (3) 1.07±0.25hij 0.20±0.11i 0.87±0.19cde 73.3 0.63 1.80±0.49efghi 0.73±0.34bcde 1.07±0.28cdefghij 66.7 0
mTR (5) 2.00±0.35efghij 0.80±0.34defghi 1.20±0.34bcde 93.3 0.33 2.00±0.35defgh 1.00±0.28bcde 1.00±0.26defghij 85.7 1.07
mTR (7) 3.57±0.51abc 1.36±0.37bcdefg 2.21±0.38a 100 1.00 2.80±0.28bcde 0.80±0.28bcde 2.00±0.37abc 100 0.48
mTR (10) 2.19±0.29defghi 0.63±0.22efghi 1.56±0.27abcd 100 0.29 2.33±0.40cdefg 1.27±0.34abcd 1.07±0.34cdefghij 86.7 0
MemTTHP
(3)
0.93±0.27ij 0.47±0.13ghi 0.47±0.24e 66.7 2.14 0.93±0.23hi 0.47±0.17de 0.47±0.17hij 66.7 0.71
MemTTHP
(5)
1.07±0.23hij 0.33±0.13hi 0.73±0.21de 73.3 0.63 1.53±0.34fghi 0.87±0.22bcde 0.67±0.19fghij 80 0
MemTTHP
(7)
1.40±0.24ghij 0.33±0.13hi 1.07±0.28bcde 93.3 1.43 1.20±0.17ghi 0.53±0.13de 0.67±0.19fghij 86.7 1.67
MemTTHP
(10)
1.63±0.20fghij 0.56±0.18fghi 1.06±0.25bcde 100 0.77 2.13±0.34cdefgh 0.73±0.18bcde 1.40±0.27cdefgh 93.3 0.31
MemTR (3) 1.13±0.22ghij 0.47±0.17ghi 0.67±0.16de 93.3 1.76 0.93±0.18hi 0.53±0.19de 0.40±0.16ij 73.3 0
MemTR (5) 1.36±0.25ghij 0.43±0.17ghi 0.93±0.16bcde 86.7 1.05 0.73±0.18i 0.53±0.17de 0.20±0.11j 60 0
MemTR (7) 1.43±0.27ghij 0.36±0.13ghi 1.07±0.22bcde 85.7 1.50 1.33±0.33ghi 0.27±0.12e 1.07±0.27cdefghij 66.7 1.00
MemTR (10) 2.40±0.34cdefg 0.47±0.17ghi 1.93±0.34ab 100 0.83 2.20±0.31cdefg 0.47±0.19de 1.73±0.33bcde 86.7 2.12
Mean vlaues within the same column followed by different letters are signiﬁcantly different (P=0.05) according to DMRT.
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Due to the complexities involved in antioxidant processes, the use of
at least two assays of different mechanisms have been recommended
and used by many researchers in determining the antioxidant activities
of plant extracts or compounds. Moon and Shibamoto (2009) suggested
the combination of assays scavenging free radicals or electrons with
assays involving inhibition of lipid peroxidation. The former is based on
single electron transfer reaction while the latter is based on hydrogen
atom transfer reaction (Amarowicz et al., 2004; Huang et al., 2005).
The antioxidant (based on β-carotene–linoleic acid model system) and
free radical scavenging activities of the aerial part and roots of
B. argillicola are presented in Table 3. There was an increase inFig. 1. In vitro shoot proliferation of Barleria argillicola after four weeks of culture. (A) Shoot
cultured on medium supplemented with 5 μM BAR. (C) Single nodal explant cultured on me
supplemented with 5 μM BAR. Scale bar=1 cm.antioxidant and free radical scavenging activities with an increase
in the concentration of extracts obtained from the aerial parts and
the roots. The antioxidant and free radical scavenging activities
observed in the root extracts were higher (signiﬁcantly in most cases)
when compared to those recorded in the aerial part extracts. This
observation likely indicates the presence of more (potent) antioxidant
compounds in the roots.
3.4. Total phenolic, iridoid, ﬂavonoid and condensed tannin contents
Table 4 shows the levels of iridoids, total phenolics, ﬂavonoids and
condensed tannins quantiﬁed in the aerial parts and roots of B. argillicola.
There was no signiﬁcant difference in the iridoid content of the different-tip explant cultured on medium without plant growth regulator. (B) Shoot-tip explant
dium without any plant growth regulator. (D) Single nodal explant cultured on medium
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Fig. 2. Effects of supplementation with different auxin types and concentrations on
shoot proliferation of Barleria argillicola from shoot-tip explants after three weeks of
culture. (A) Mean number of shoots per explant. (B) Number of shoots with length
5–10 mm. (C) Number of shoots with length greater than 10 mm.
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cantly higher than that of the aerial parts. On the other hand, the
aerial parts contained a signiﬁcantly higher amount of ﬂavonoids
and condensed tannins when compared to the roots. Many phenolic
and iridoid compounds have been observed to exhibit potent phar-
macological activities such as antioxidant, antimicrobial and anti-
cholinesterase properties. Ata et al. (2009), for example reported
the isolation of iridoids from Barleria prionitis aerial parts with
AChE inhibitory and free radical scavenging activities. Costabile et
al. (2011) reported antibacterial property of condensed tannins
against a pathogenic Salmonella strain. The antimicrobial and anti-
oxidant properties of some phenolic compounds have been demon-
strated by many researchers (Marcucci et al., 2001; Kosmulalage
et al., 2007; Polya, 2003). The greater amount of total phenolics in
the roots might be responsible for their greater antioxidant activi-
ties when compared to the aerial parts. At any rate, it is very likely
that the presence of these groups of phytochemicals is responsible,
at least in part, for the observed biological activities in the extracts
of this plant species.
3.5. In vitro shoot propagation
The effects of different cytokinin types and concentrations
on shoot proliferation from the shoot-tip and nodal explants of
B. argillicola are shown in Table 5. In both cultured shoot-tip and
nodal explants, the mean number of shoots produced per explant
and shoots with lengths greater than 10 mm generally increased
with an increase in concentration in the treatments with MemTTHP
and MemTR. In the treatments with mTR, shoot production similarly
increased with an increase in concentration, reaching an optimum at
7 μM in both cultured shoot-tip and nodal explants. Beyond the
optimum concentration, there was a decrease in the number of
shoots produced per explant and shoots with lengths greater than
10 mm. Overall, the highest and lowest number of shoots per ex-
plant were recorded in the treatment with 5 μM BAR and control re-
spectively, in both cultured shoot-tip and nodal explants (Table 5,
Fig. 1). The number of shoots recorded in the treatment with 5 μM
BAR was in fact signiﬁcantly higher than the number of shoots
produced with other cytokinins at equimolar concentration (with
the exception of nodal explant cultured in BA-containing medium).
Following the discovery of topolins, a new group of aromatic cytoki-
nins, an increasing number of studies have demonstrated their
potential in improving shoot proliferation. The use of MemTR, for
example, signiﬁcantly increased adventitious shoot production in
B. greenii (a closely-related species to B. argillicola) when compared
to other aromatic cytokinins (Amoo et al., 2011b). However, there
are indications that closely-related species from the same genus (as
shown in the present study in comparison to B. greenii) or different
varieties of the same plant species may respond better to cytokinins
other than the topolins (Dobránszki et al., 2004, 2006; Vinayak et al.,
2009).
Fig. 2 shows the effect of supplementation with different auxin
types and concentrations on shoot production from shoot-tip ex-
plant. None of the concentrations of NAA or IBA used signiﬁcantly
increased shoot production beyond what was recorded in treatment
containing 5 μMBARwithout auxin. Similar observationswere recorded
in shoots produced from nodal explants (Fig. 3). There was no signiﬁcant
difference in shoot production from nodal explants cultured in IBA-
containing medium when compared to that obtained from treatment
without auxin. However, supplementation with NAA concentrations
beyond 0.5 μM resulted in a signiﬁcant decrease in the number of shoots
produced per nodal explant. These results indicate that exogenous
application of auxin is neither required nor beneﬁcial for shoot
induction and/or proliferation from both shoot-tip and nodal
explants of B. argillicola. Similar results were reported in Cedrela
ﬁssilis and B. greenii cultures (Amoo et al., 2011b; Nunes et al.,2002). The non-beneﬁcial or even antagonistic action of exogenous-
ly applied auxins on shoot production has been attributed to the
down-regulatory role of auxins on active cytokinin levels (Hansen et
al., 1987; Kamínek et al., 1997; Zažímalová et al., 1996). Although dif-
ferent auxin treatments were used in the current study, root
production was not obtained from the regenerated shoots even
after ﬁve weeks of culture. Considering the fact that explants used
for shoot regeneration were originally obtained from BA-containing
medium, it is likely that the production of 6-benzylamino-9-β-D-
glucopyranosylpurine ([9G]BA), a stable N-glucoside metabolite of BA, is
persistent in the regenerated shoots at such a level that it inhibited root
initiation. Werbrouck et al. (1995) similarly observed inhibition of root
initiation for more than twomonths in Spathiphyllum ﬂoribundum shoots
originally cultured on BA-containing medium.
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Fig. 3. Effects of supplementation with different auxin types and concentrations on
shoot proliferation of Barleria argillicola from nodal explants after three weeks of
culture. (A) Mean number of shoots per explant. (B) Number of shoots with length
5–10 mm. (C) Number of shoots with length greater than 10 mm.
92 S.O. Amoo, J. Van Staden / South African Journal of Botany 85 (2013) 87–934. Conclusions
The present study demonstrated the pharmacological potential of
B. argillicola. Our ﬁndings highlight the need to conserve our dwindling
but precious natural resources before they become extinct. The devel-
oped in vitro shoot propagation protocol could be a viable alternative
for the conservation of this plant species. Based on a geometric progres-
sion with four adventitious shoots regenerated per explant and twelve
possible multiplication cycles per year, the shoot propagation protocol
developed in this study has a potential of producing millions of shoots
per year from a single shoot-tip or nodal explant. In vitro shoot regener-
ation allows for the homogenous production of plant materials and their
chemical constituents while also providing a template for genetic im-
provement studies of plant species. However, further studies including
the quantiﬁcation of endogenous plant growth regulator levels may behelpful to elucidate the physiological basis for the rooting recalcitrance
observed in this study.Acknowledgements
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